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followed a day later by that from the East Branch. Had all 
or any two come out together, a serious flood in the lower 
river would surely have resulted. 

The reins of the latter days of February and March 1 caused 
a moderate flood in the Alabama River, and others somewhat 
more pronounced in the Black Warrior, the lower Tombigbee, 
and the rivers of southeastern Mississippi. Warnings were 
issued for all, and no damage worthy of special mention was 
done. On some of the rivers the floods were of benefit, as 
they permitted the movement of lumber that had been held 
for suffioient water to float it to market. 

The heavy rains on March 13 and 14 caused severe and 
dangerous floods along the upper Potosnac River and its lieacl- 
waters, resulting in damage to the amount of about $1,000,000, 
mctinly to railroad interests. There was no damage of conse- 
quence below Cuiuberland, Md. 

High water did some damage d o n g  the rivers of Idaho, 
the result of heavy rains and melting snows. 

At  the end of the month the Mississippi River was free from 
ice, which broke up at  Leclaire, Iowa, on March 1, and at  Fort  
Ripley, Minn., on March 27. 

The rivers of Maine remained frozen, but the ice of the 
upper Connecticut gave way between March 27 and 29. 

The highest and lowest water, mean stage, and monthly 
range at  312 river stations are given in Table VI. Hydro- 
graphs for typical points on seven principal rivers are shown on 
Chart I. The stations selected for charting are Keokuk, St. 
Louis, Memphis, Vicksburg, and New Orleans, on the Missis- 
sippi; Cincinnati and Cairo, on the Ohio; Nashville, on the 
Culuberland; Johnsonville, on the Tennessee; Iiansas City, on 
the Miseouri; Little Rock, on the Arkansas; and Shreveport, 
on the Red.-H. C. Frankenfield, Proftxsor ?f Ilieteorology. 

SPECIAL ARTICLES, NOTES, AND EXTRACTS. 
RAINFALL AND RUN-OFF OF THE CATSKILL State Weather Bureau Report#. (c) The United States Weather 

MOUNTAIN REGION.' ( t l )  Records at niisaellaneons points, as given 
1~06 .  I n  the New Tork State Meteorology are assembled the 

The purpose of the s t w ~ e s  on the rainfall and run-off of the records of olmervations macle a t  the incorporated academies of 
Catskill watersheds, the results of which are embodied in this the State, under the clirection of the regents of the University 
report, has been: of the State of New Torli. These records were begun in 1625 

1. To determine the most probable mean annual rainfall on carriecl on Inore or less continuous~y until the civil war 
each of the four watersheds proposed to be used as an aadi- clivertecl &thention from them, they -yere forgotten. 
tional supply for the city of New York. Two diEerent forms of gages were employed by these old- 

2. To determine the relation between the values of the rain- time observers. prior to 1833 a gage with but little protec- 
fall on these watersheds and the values of the rainfall a t  other tion against eval,orfition was used. A conical mouthpiece col- 
points where long and careful records have been kept. lected the rain :tnd delivered i t  into a cylinder the area of 

possible the ~ercentage  of tile which one-eightll that of the lnouth of the collecting cone. 
rainfall on these watersheds which may be expected to appear rn this cylincler there 
as streamflow and become available for the S"PP1Y of the city. scale which projectecl above the top of the gage, and on which 

RAINFALL. the depths were read. I n  cold weather a vessel having the 
An examination of rainfall records in the State of New Torli, sallle area of llloutll as the co~~ec to r  of the gage set out. 

particularly in the territory covered by the RoudoI1t,, ESoPW The snow >vas cauglit in this vessel, melted, and measured in 
Schoharie, and Catskill watersheds, at once showed that prac- the gage. inches deep, and 
tically no observations had ever been made in this immediate it is doubtful if the precipitation clnring the winter months, 
vicinity. There was found but one record within the limits of as lleterlninecl by this device, even of a reasonable degree 
these watersheds, and that for a short period only. A number of accuracy. fact, an insI)ection of these recorcls shows 
of records had to 2o that the rainfall during the winter Heason was then apparently 
miles, and located geographically around the area under con- clliite uniformly lower than that which is recorded by gages 
sideration. An admirable digest of these records in the at  the present tillle; there is no reason for believing that such 
vicinity was made in the report of the Commission on Aclcli- was really the and tiie difference is to be attril,uted to 
tionel Water supply for the city of New York, in lij03. This the type of gage usecl. 
commission also established a number of gages on these water- The instructions for setting these gages that they 
sheds. Observations mere continued for &out nine months, should be set remote frolll all obstacles, and distant from them 
when the completion of the work of the commission' caused L), at least t\vice the height of the obstacle. 
their abandonment. After 1833 a conical type of gage was used, the details of 

Ten rain gages have been established by the Present Board wllicli are shown in the accompanying sketch.' Measurement 
of Water Supply, and these, in connection with the Elages of of the rainfall Was macle by putting a graduated stick down 
the voluntary observers of the United States Weather Bureau, into the gage. as to give a read- 
cover in excellent form all the territory of the four water- ing in hundredths of an inch for the first three-tenths of an 
sheds. For the future, therefore, the rainfall will be deter- inch, ancl thereafter iIy fifths of an inch. ~h~ instructions for 
mined with a high degree of precision. the setting of these gages were the same as those for the older 

I n  order to fix the most probable mean value of the rainfall type, except that they were to be l,laoecl with their mouths 8 
in this territory it was decided to make the study as compre- feet above the surface of the ground. 
hensive as possible. To this end, therefore, nearly all reliable ~ 1 1  of these records inliicate ciuite u n i ~ o r l n ~ y  lower 
records for pointH within approximately one hundred miles of value for the tilan do the of more rece,lt 
the Ashokan basin which could be found in public docuiueiits observations. Jyhile it is impossible to state absolutely the 
were gotten out and studied. This work involved an esami- reasons for this apparent clifference, i t  is I)robably due (1) to 
nation of the records at  76 different stations, the records loss by evaporat~on from the first t,ype of gage used; (2) to 

The records studied were obtained from the folloWi% placing of the conical p g e  6 feet, above the ground; this gage ( h )  The New Pork woulcl therefore probably register about 3 per cent less rain 
A report to C. E. Davis, department engineer, aud J. Waldo Smith, than the standard gages now in use. 

Communi- - 

Bureau Reports. 
By THIDDXOS MERRIMAN, Assistant Ensinrer. Dated Browns Station, N. Y , Juue 1 4 ,  in the report of the Colnmission on Additional Water supply. 

3. TO determine as closely 
float connected to a 

 hi^ vessel \vas not nlOre than 

kept at distances varying from 

 hi^ stick was graciuated 

at all of the stations covering a total length of 1085 Years. the unapproved lnethod of measuring the snowfall; (3) to the 

sources: (a)  New York State %Ieteorology- 

chief engineer, Board of Water Supply, city of New York. 
cated by permission of the Board. 2 Not reproduced hera.-EDITOR. 
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On the other hand, however, there is nothing to  indicate 
that these reports were not kept with the greatest care and 
fidelity. They show monthly rainfalls as high as any we have 
now, and others just as low. Were it not for the unfortunate 
differences in methods used, these records would be of very 
great value. I n  these studies they have been used as having 
an indicative value only. 

The records obtained from the reports of the New York 
State Weather Bureau and from those of the United States 
Weather Bureau are the most valuable and reliable which can 
be obtained. The methods used by the observers reporting 
to these two bureaus are uniform, ancl the only question which 
can arise as to their reliability is that of the unfaithfulness of 
the observers. This naturally is something which can not be 
considered. 

To attempt to assign a relative value to the records of all 
the stations studied would be a hopeless ancl iinpossiible task. 
They have, therefore, been studied collectively; i. e., when in 
one locality one record showed a very high value and another 
a low one the mean of the two records has been considered as 
being the most probable value of the rainfall in that vicinity. 
Having decided that this was the only prnctical method of 
treating the records studied, it wns  felt that before even this 
could be done they must be reduced to some more even plane. 
The following is the reasoning which was used in this clecluc- 
tion, the steps of which are shown in detail in Tables 1 ancl 2. 

Rainfall is erratic, ancl follows no defiuitely recognized law. 
Records of rainfall may differ from each other on account of 
what we may term ‘( nccidents of location *’, such, for instance, 
as the inapparent effect of a building; or again, the location 
of the gage in the path of showers, mhich path is defined by 
the topography of the country; or the results may differ, as 
from a minor local storm. which is felt a t  one station and not 
at  another. That such differences occur is well &own by a 
study of the contemporaneous rainfalls at  New Pork and 
Newark, 10 miles distant froiii each other, and again a t  Albany 
and Troy, but  7 miles apart. These very visible differences 
led us to an extended study, ancl we observed that they occur 
usually in the months of June, J d g ,  August, September, and 
October. Those which occur in June, Jdj ,  and August are 
probably the result of local thundershowers, while those of 
September and October seem to be due to extended storins 
which cover a wide area of country, yet in which the precipi- 
tation varies greatly, even over a limited portion of territory. 
Other differences, not iiuiuerous, however, occur in the other 
months of the jear,  but  the reasons for them are not so 
apparent. 

Having recognized and admitted this principle of perinissible 
differences in the records. the following method of rendering 
them comparable presented itself. Any iiionthly rainfall wliich 
exceeds twice the monthly mean rainfall for the length of the 
record is an excessive or unusual rainfall, and should be elimi- 
nated from the record. This has been done in the following 
iiianner: I n  any month in which the rainfall esceecled twice 
the monthly iiiean, as before defined, the value usetl for that 
month was the monthly mean, unless the rainfall for either the 
preceding or the following month \vas less than one-half its 
monthly mean. in which case only the excess of the S L W ~ ~ U R  
of the one month over the deficiency of the two months was 
cleductecl. The value of the yearly rainfall so determined has 
been called the “mean annual depenclable ” rainfall. It is 
not felt that this method of treating the records departs from 
sound and logical principles. It is without doubt a conserva- 
tive assumption, and for that  reason has recommended itself 
most strongly. 

Rainfall, according to the best of our knowledge, varies in 
irregular cjcles. It appears to be manifestly improper, there- 
fore, to compare even the mean annual dependable rainfall a t  
one station with that at  another without reducing them both 
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the curves of mean annual rainfall published in the annual sum- 
mary for 1905 of the New York section of the Climate and Crop 
Service of the United States Weather Bureau, are also given. 
TABLE 1.-Showing all the stations f o r  which recorda have been studied, the time 

of these recorda and their length, the number of eztraordinnry falls occurring 
during the lqe of the record and the percentage which such occurrences are of 
the length oj' the record, the mean annual precipitation aa mually dedtiwcl, 
the mean annual dependable precipitation and the difference between them, the 
deduced mean annual dependable preo'fitation and a quanirty which is the 
product of the percentage of the extraordinary falls and the diference between 
the mean and mean dependable precipitation; this quantity ia properly added 
to the mean amual deduced dependnble precipitation in order to givejncrlly 
a irroat probable v a l w  f o r  the mean yearly r a t f a l l .  

50. 78 

Place. 

47.72 
48.53 
46.82 
4% 73 
48.28 
49.08 
43.95 
44.75 
3i.27 
43. 33 
43.5R 
35. 17 
4 8 %  
37.64 
44.77 
36.16 
39.80 
36.20 
36.63 
33.26 
38.92 
30.65 
34.90 

........ 
......... 

New York N. Y 
Newark, N'. .I.. 
Albany. N. Y 
Troy N. Y. ............ 
Crotdn watershed, N. Y. 
Peqiiaunock N. J. ..... 
Dyberry, Pa.. ......... .I 
Blooming Grove, Pa.. . . '  
Towanda, Pa. .......... 
Easton, Pa .............. 
bfauch Chunk,  Pa. ..... 
South Eatou. Pa. .. 

........... 

Le Roy, Pa .  1.. ......... 

Dover N. J.. ........... 
cant&, ~ o n n . .  ........ . I  

Waterbury  C!oun.. 
Xew Hare; l'onn.. 
Hartford. &u. 
Hawleyville, C 

Monsou, bfnss.. 
Williametown M a s s . .  .. 
Manchester. i t . .  ...... .I 

..... i 
AlJlherSt, hhSS 

3.57 
2. 82 
3.96 
2.56 
2.96 
3.52 
1.14 
1.73 
2.12 
0. 63 
4.48 
1.02 
2.77 
1.64 
3.64 
1.93 
1.01 
2.Y8 
0.68 
0.86 
0.89 
1.21 
1.79 

Jacksonvill6, Vt. ....... 
Kinderhook N. Y ...... 
West Point, 'N. Y.. ..... 
Kingston, N. Y. ....... 
Ginaston Reserv0ir.N.Y 

40.31 
44.84 
46.60 
42.99 
33.33 
34.68 
4.3. 3' 
33.50 
32.77 u. 57 
37. 72 
48. 62 
3s.54 
38.46 
38.1'3 
37.70 
38.13 
31.43 
36.30 
39.3s 
34.05 
53.09 
47.65 
39.91 
35.4.2 
89.35 
37.M 

Poughliee ,sic ?J. I-.. ... 
Oxford N'. 1.: .......... 
Hudsod N. Y ........... 
Har twi th  N. Y ......... 
Hamil ton '  N. Y.. ....... 
Cooperstoh, N. T. ... .) 
Granville, N. P.. ...... .I 
FairEeld. N. Y .......... 
Cherry Valley, N. Y.. .. 
Rome N. Y. .......... 
Wa pingers F ~ I I S .  N. Y 
&lletown N. Y.. .... 
c'ortlanti, N.' Y... ....... 
Mtmut Plrasant N. Y . .  
c;loversville, x.'Y.. .... 
Biughamton,  N. Y. ..... 
Montgomery, N. Y. 
Liberty. N. 1- 
Greenwich N. T ........ 
Oneonta. N. Y ......... 

... i 
Lake  Hill,'N. Y. . . . . .  _ I  

........... 

0.41 
0.00 
0.00 
1. 34 
1.43 
0. uo 
U . 8 1  
2.12  

C'atskill,'N. T.. ........ 
Middleburg, N. Y.. ..... 
Il'indham N. 1- ....... , 
South H a h o r d  N. Y.... 
Lnnsinghurg N'. Y. .... 
l f leos  Falls, k. Y.. .... . I  
South Kortr ight ,  N. Y. .I 
West Berue  N T.. .... .! 
Red Hook,  k. k.. ....... 
Por t  Jervis ,  N. Y. ..... 
North  Salem, N. Y.. .... 
Carvers Falls, N. Y... . .  
New Lisbon, N. Y ...... 
Delhi. N. P.. .......... . I  

40 

62 
17 

24 
$2 

l i r i t t ius  Corners, N. Y.. 
iltlie~18 N. Y ........... 
Mohonk, N. 1.. ....... .~ 
Newburgh, N. Y.. ..... .I 

39.39 

4 p . m  
43.96 

36.19 
46.55 

18.36-1905 I 

42.43 

47.43 
38.61 

1844-1'&4 
1x25-1904 
1826-1 8.36 
186s-1904 

1.51 

3.54 
0.00 

18!13-1905 
185tl-1905 
1866-1898 ~ 

1866-1 x94 
lP:ll~-lY05 
1857-19115 
189C1905 
1890-1905 1 
1 q7O.1899 
his-1903 

1 ~ 8 6 1 9 0 5  
1X$2-1894 
18?)-1901 
1 S93-1904 
1R86-1904 
1892-1901 
1w-1905 
1859-1904 
1889-1Y04 
3887-3904 
i w - i 3 n 4  
1898-1804 
1887-1904 
lYY0 1304 
1855-1904 
1885-1904 
1889-1 901 
1830 1846 
1443-1399 
19'24-1x92 
1900-1 YO5 
1x30-1899 
18'29-1905 
I8?;-1855 
13'26-1850 
18'27-1895 
185-1-1905 
1835-184s 
lS3Ll84h 
1827-1515 
lW+1904 
l83I-I905 
1891-1!105 
185 1-1 906 
1331-1844 
1'193-1 905 
1SY 1-1905 
lR"SIS42 
I %l-1904 
189G1905 
1903-1905 
1896190 5 

1889-1 Y9 1 
I we-1 YO5 
lfili4-187R 
18'261h46 
1x79-1905 
18h9-1905 
1YUt1905 
190?-1903 

1830- 185:) 
1899-3905 
1891-1905 
182s-186" 
1901-1905 
1903-1905 
1891-191)5 
1828-1867 

1897-1900 

ISM-1905 

1 . r ~  
70 23 
61 15 
80 24 
59 1 17 
37 14 

11 1 
17 4 
13 1 3 

15 
18 
15 
6 

14 
14 
35 
6 

13 
17 
4s 
23 
6 

"4 
39 
19 
14 
19 
52 
13 
lfi 
14 
13 
15 
9 

24 
12 
13 
15 
13 
13 
7 
3 
9 
3 

b 
4 
6 
c 
3 
3 

1 
8 
4 

20 
4 
3 

11 
7 
5 
2 
4 

10 
3 
5 
4 
5 
5 
3 
7 
5 
3 
2 
5 
7 
0 
1 
2 
n 

14 4 

7 I l l s .  

-~ 
16-2 

34.05 
53. OB 
48. 99 
41.34 
35. 42 
40.16 
40.05 
43.94 
38. 61 
50.97 
36. OS 

I,!#. I I?,.*. rli,*. 1 Itif. fi IP. 
43.71 0.71 4 4 . E  
44.C? 0.74 45.36 
37.31 0.47 37.7s 
35.13 0.19 35.37 

0. 8Y 46.79 
0. 97 I 49.92 

1.00 
2 . 2 2  
3. 76 
2. 74 
1. ss 
1.51 
0.99 
0.50 
2. 16 
2.54 
0.00 
0.42 
0. R6 
0.00 
0.00 
3. 04 
3.00 
2 . 0 2  
1.35 

45.91 
49.95 
m. 4; 
3s. '22 
3!1. 30 
3.5 8 2  
43.33 
49.4C 
3% 87 
47.21 
43.17 
47.67 
39.57 
40.42 
47.22 
49.84 
51.61 
51.21 
47.31 
49.07 
46. B1 
42.35 
47. 79 
50.79 
43.56 
44. !I4 
37.311 
41.95 
44. Y2 
36.00 
43.69 
37.45 
46.94 
37.71 
41.85 
35.49 
35.56 
32.93 
38.36 
30. 96 
84.55 
40.31 
45. 93 
43.13 
44.11 
39.53 
3s. 75 
44.78 
34.60 
32.45 
45.56 
46. 42 
32 .  73 
41.42 
38.46 
35.RO 
38. 84 
3fi. 50 
31.75 
36.68 
41). 03 
36.76 
51.67 
4\.71 
39. 91 
37.55 
40.64 
3Y. 10 
43.46 
41.64 
4s. 4R 
.34.01 

11.01; 1 40.2: 
0.00 3s.-- 
2. II'2 41.32 
U.115 35.ai  
0.61 43.44 
0.33 49.78 
0.02 3s. h!l 
0.w ' 4 i . 2 1  
0.43 43.60 
0.07 a i .  i 4  
0.85 N Y l  

0.50 47.72 
0.29 50.12 
1.01 52.62 
0.44 51.65 
1.43 4s. 74 
1 . U i  50.14 
2.10 ' 4s. 72 
0.M 43. 19 
1.18 48.97 
1.76 52.55 
0.24 43.80 
0.50 45.44 
0.85 38. 15 

n.89 41.:;1 

0.11 ~ $2.06 

1. H2 I 48.76 

2.78 47.70 

n. 57 3 8 . ~ 2  

0.24 36.24 
1.16 44.S5 

0.89 3s. 60 
0. 18 -12.05 
0.77 ' 31;. 26 
0. 10 95. 66 
0. 18 ' 33.11 
0. l i  1 38.53 
0 28 31.24 

0.29 -10.60 
0.84 46.67 
1.21 42.37 

n: 55 ~ 35. I U  

fJ.07 34. 67 

0. I 4  52.87 
0. 1:) 41.61 
0.01) ' 3R 46 
0.01) I 35: 80 
1.52 40.36 
1.26 137.76 
0. $11 32.66 
0 31 36.99 
0: 06 ~ 40. O!I 

0.01) 151:; 
0.25 48.Y6 
0 64 1 40 55 
O:OO 137:55 
IJ. 16 4U.80 
0. 70 39. SO 
0.30 43.713 
0.00 41.64 
1.77 ~ 50.25 
1.04 , 35.05 

0.00 36 72 

-- 

In order to show that the isohyetal lines as drawn on the 
watersheds differ but very slightly from the most probable 
values of the rainfall a t  each of the stations, three diagrams, 
figs. 2, 3 ,  ancl 4 are submitted. 

Fig. 2 shows what may be called a vertical section north 
and south along the Hudson River, from New Pork to Troy. 
On this diagram are plotted the observed values of the rain- 
fall and also thevalues as read from the isohyetal lines on the 
map. It will be noted that the greatest cliffereme occurs at 
Catskill; where it amounts to 8 p,er cent. Fig. 3 may be called 
a vertical section east ancl west, approximately thru Bingham- 
ton, N. Y., on the west, and Amherst, Mass., on the east. The 
greatest difference between the observed rainfall and that 
from the isohyetal lines again occurs a t  Catskill, where the 
difference is again 8 per cent. I n  fig. 4, which is a section 
east and west thrn Towanda, Pa., on the west and Hart- 
ford, Conn., on the east, the greatest difference is shown to be 
less than 3 per cent. Where the words '' observed rainfalls " 
are used in these figures and in the foregoing description, i t  
must be remembered that they are the observed rainfalls as 
modified in the manner hereinbefore described. 

In  order further to justify the isohyetal lines as drawn on 
the map sub~nittecl herewith, a tracing was macle showing as 
points only the positions of those stations having records of 
fifteen gears or more in length, and the isohyetal lines were 
drawn among them strictly as a problem in contours. The 
results so obtained differed in no essential particular from 
those obtained by drawing in the lines and giving consiclera- 
tion to all records, no matter what their length. As a test of 
the method this was it particularly severe one, ancl the close 
agreement was a matter of much gratification. 

As indicating, in a general way, the correctnem of the result 
for the iiiost probable value of the mean rainfall on the Esopus 
watershed, the following table showing the arerage rainfall 
for the ESO~LIS as given I J ~  the average of seven gages, and as 
cleclucetl froin the New York and L41bany records, has been 
prepared. It covers a period of but six months, and can there- 
fore he considered as having a minor value only. I t  is offered, 
however, for what i t  may be worth. 

~~~ ~- ____ .~ ~~ ~~ ___- 

%ntioii. 

~ ~~ 

It1 ch AT.  

AII~auy  ........................ 2.38 
New Yorb-. .................... 2.f i i  
Esnqm,  8,bserred. .............. 4. 17 
r:sopur-New York. ........... 2.67 
r:so~8us-.\lhany.. ............ 2.76 

I/,C/WS 
1.49 
I .  67 
2. 30 
1.67 
1.73 

I,! ch ex. 
1.36 
3.67 
3. 74 
3.67 
1 .5s  

Ili c,hcs. 
0 .9 i  
2.98 
2. 73 
2.98 
1. 13 

Iirrhes. 
2. 09 
2. s7 
2.35 
2.57 
2. r2  

1,ivhes. 
10. R3 
19.14 

19.14 
12.68 

3 . 0 7  

~ ~~~ _ _ -  ~~ -~ ~ 

The theory has been advanced that the rainfall of these 
IT atershetls is large, owing to their comparatively great eleva- 
tion. We believe that there is a zone of large rainfall which 
is the result of the influence of the mountains, but we believe 
also, on the oont,rary, that the matersheds under oonsideration, 
with the possible exception of Rondout, are outside of this 
zone. This is evidenced by all of the rainfall recorda now 
available, and would appear to be clue to the cooling of the 
storin winds to below the dew-point before the mountain slopes 
are entirely reached, i. e., the mountain influences make them- 
selves felt before the mountains theinselves are reached by 
the storm winds. Precipitation is thus begun before the 
winds have traversed the high lands, and the zone of greatest 
rainfall lies around and not on or beyond the higher elevations. 

We believe that the d u e s  of the probable mean annual 
rainfalls on the Catskill watersheds as derived in this discus- 
sion are the best that can be deducecl from any data now 
available or in existence. 

The rallies of the most probable mean annual rainfall on 
these watersheds having been cleterininecl and the actual most 
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FIG. 1.-Map of the Catskill Mountain region and. viciuity, showiug by isohyetal liues the prolmhle mean anuual rainfall. 

probable values of the rainfall a t  other points being known, i t  
became easy to transfer their yearly rainfalls to each of the 
watersheds. Thus for the Esopus, where the rainfall is 44 
inches, i t  can be said that the rainfall in any year was 44/38 
of the rainfall during that year a t  Albany, or that i t  was 44/47 of 
that on the Croton watershed; 38 and 47 being the most prob- 
able values of the mean annual rainfall a t  Albany and on the 
Croton. 

This method is probably of reasonable accuracy, but we tle- 
sire to point out that it is not entirely satisfactory, inasmuch 
as it transfers the local characteristics of the rainfall a t  glbany 
or on the Croton to the locality being studied. We believe 
that each locality has its own characteristics, Imt in the absence 
of any direct observations the method followed is the best 
available. 

RUN-OFF. 
The run-off from a watershed is t,he water that  appears in the 

stream which drains the watershed and becomes available for 
use. It is the cliEerence between the rainfall and the evapora- 
tion, if in this latter term there be included all water req&ed 
by the vegetation, and also that reqllirecl by all 
other natural causes. 

FIG. 2.-Rainfall values along a south-north line from New York to 
Troy, N. Y. 
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TABLE %-Deduced mean annuul dependable precipitation derived by the use of the contemporaneous precipitation in the vicinitien of New York and Albany. 

Mesu 
Precipitation du r ing  same 

perlabd i u  vicinity of- 

- 

Mean precipitation from- Dedoced 
uean dependable annunl  

recipitation. 

T i l u r  o f  
record. 

Leugth of 
rccuril. 

I'lare. I ~ l e p e n d a l ~ l e  
reeipitatiou. j Nvw York. 

~ 

New Yurk. 1 Albauy. Albany. 

I 
Inches. Inches. 

44.07 ........... 
36.34 
46.26 
51.18 
41. 66 
3s. 01 
39.13 
37.41 
44.55 
51.52 
40.16 
47.12 
44.93 
48. 97 

48.74 
48.65 
40.55 
52.11 ............ 36.00 

43.71 ........... 
44.62 I .  ............ 
43.60 1 43.78 

37.45 
37.71 
37.31 
35.16 
41.89 
35.49 
35.56 
32.93 
38.92 
30.96 
34. 55 
40.31 
54.02 
47.70 
.so. 55 
47.78 
49.60 
49.16 
44. 85 
.w. 11 
45.65 
46. 52 
4?. 9Y 
35.75 
47.09 
36. 02 
32.45 
47.41 
48.56 
57.32 
53.04 

41. ni 

Iliches. 
44.07 
36.34 
45.91 
48.95 
40.47 
38.22 
39.30 
35.82 
43.23 
49.46 
38.87 
47.21 
43.17 
47.67 
39.67 
47.22 
47.31 
40. 42 
49.84 
36.00 
43.71 
44.62 
43.69 
37.45 
37.71 
37.81 
35.18 
41.89 
36.49 
36.56 
32. 9s 
38.86 
30.96 
34.55 
40.31 
51.61 
45.83 
49.07 
46.62 
4s. 35 
47.79 
43.56 
48.13 
44.11 
44.92 
39.63 
35.76 
44.78 
34.60 
32.45 
45. mi 
46.42 
52.73 
51.21 
41.42 
38.46 
35.80 
38.84 
36.50 
41.95 
31.76 

10.03 
36.7Y 
51.67 
48.71 
44.94 
w. 71 
39.91 
37. 55 
40.64 
39.10 
43.46 
41.64 
4s. 48 
33.54 
37.30 
46.94 

36. tin 

li.,O.s. 
70 

h r h *  8. 
44.07 
36.34 
46.73 
47.71 
40.12 
39.00 
39. so 
35. La 
4 3 , i l  
48.74 
3s. 3" 
48.39 
42.1Y 

%\ s4 
-1ti.Jn 

Vicinity of New York.. ............................................... 
Vicinity of Albany. 
Croton watershed.. 

.............................. 

............................... 

................ 

............... 
i?Iaochester, V t  ................... 
Lansingburg N. Y ................................................ 
c;lens F ~ I I ~ .  k. T ..................................................... 
Svutli Kor t r i  lit N. T .................. 
Weat Berue 6. P. .  .. .: 1::: :I:: :: :: :. :: :: :::::. 1: ::I. ............ ... . . I  
Red Hook b. Y ................................................. 
Fort Jerds ,  N. T. ............................................. 

North Saletri. N. Y.  .................................................. 
Carvers Falls. N. Y .......... 
Ilalhi N. T.. .......................................................... 
GriWbs ('urners N. Y ............................................... 
Atbeos,  N. T ..I. ._ _ _  . _  
hfullunk, N. Y .......... 
Newburgh N. Y ........ .................................... 
\\.illiatiistdwn ~ s s s .  ... ................................... 
Kingston Resgrvoir No. ................................... 

............ 
36.34 
36.70 
33. 98 
34.9s 
37.2s 
37. OY 
34.17 
35.60 
34.40 
34.69 
37.33 
36.35 
34.51 
34.41 
33.92 
35.67 
37. 13 
33. Y9 
33. 32 

so 
37 
13 
17 
25 
27 
10 
26 
14 
16 
J 

26 
11 
17 
11 
20 
13 

........... 
44.98 
45.00 
44.9Y 
44.77 
44.44 
45.35 
46. OH 
44.30 
44.97 
45. 1 I J  
44.93 
44.4s 
44.78 
43.55 
45.78 
46. 01 
45.04 

........... 
45.55 
46.73 
39. ?Y 
38.42 
39.4s 
34.24 
41.91 
47.41 
37.57 
47.30 
41. .in 
46 .3b  
38.13 
45. 71 
45.97 
46.00 
47. 57 

.... 
4.5.48 
47. i'l 
41. 75 
4%. o? 
35.17 ............. 
4.3. 71 44.117 
44. b2 44. (17 
43. 7s ~ 44. ?!I 
37. 64 I .  . . . ......... 
36.16 ' ............. 
37.31 
35.18 
3s. 80 
36. on 

I:! 
17 
7, 
1; I 
4s 
23 
24 
79 
59 
39 
1Y 
14 
19 
52 
13 1 

I6 I 
14 

5 
IS 
16 
15 
1s 
15 
14 
1s 
13 
24 
I:! 
13 
15 
13 
19 
7 

13 

I 

31 

............ 

............ 
36.36 
31;. 52 
35.79 
36.34 
31;. .U 
84. i 9  
37. 21 
37.52 
36.80 
36.26 
35.86 
:36.53 
36.18 
33.53 
w. 17 
34.9s 
35.4li 
35.76 
3s. 69 

............. ............ 

............. 

............. I 

............. 

............. 

. . . . . . . . . . . .  

............. 
37.79 

lY9-1SY' 
1 S30-18!1!i 
1826- 1904 
38'6-1886 
1829-1905 
182i-lH55 

............. 
............ 

............. 

............. 

. . . . . . . . . . . . .  

............. 
4s. 42 

............. 

. . . . . . . . . . . .  

~s%..iGi 
1827- 1895 
1854-1 905 
1835-1845 
1R%S-l84R 

............ 

............ 
1Y27-1X15 
18961904 
1s90-1904 
1889-1904 
1,89-1Y04 
1 XX7-1904 

40.31 ............. 
44.65 
44.911 
45. o:! 
45.29 
45.77 
45. $16 
45.6s 
44.63 
44.6s 
44. y:! 
47.12 

............ 
49.20 
42. 96 
47.5s 
45.16 
4 I . O Y  

49.70 
44. $4 
4s. 5:: 
46. s2 
42, 7:; 
48.28 
43.95 
46. tY 
42. 99 
44.19 
3:r. :13 
34.68 ............. 
43 * . .'.> .,I 45. ou 
33.50 44.62 
32.77 .............. 
44.57 44.91; 
46.51 46.51 
4s. li2 44. 76 
4!1. $6 44.68 
38. s4 44.06 
3s. 46 44.26 

1S88-1904 
1Y87-1904 
IS91 -19n5 

46.42 
42.21i 
46.14 
42.57 
43. Y2 
56.76 

$2.47 
33.17 

............ 

35.51 
83. $6 
33. 35 
34.41 
33. 93 
s5. Ih 
:;3,45 
33.86 
36.67 
34.?1 
34. 60 
30.7s 
34. 05 
31.64 
36. Id  
39. 02 
33.03 
37.59 
35.92 
36. 03 
35.20 
34.89 
:iu. 77 
35. 7s 
34.211 
35.17 
x3.35 
36.36 
51.55 
33.86 
35.21 
RY. 52 
w. i s  
34.20 
36.20 
%5. I I  
33.03 

m i - i i o 5  I 
. 1389-1904 1 

1851-1905 
1831-1844 
1893-10115 
1891-1005 
1S2b18C2 
1H51-1904 

3903-3905 

IS9.5-190S 
1 YY7-1!100 
1839-1491 

3898-1905 j 
18Y2-1904 ' 

............ 
4% 70 
43. $8 
48.14 
49.37 
38.54 
38.46 
35.96 
36.25 
35. Y7 
40. 1'' 

44.30 
3.$. 46 
.>5. 63 
41.43 
37.02 
43.77 
31. 75 
87. 42 
41.45 
40 05 
M. 17 
50.69 
46. 29 
63.93 
39.51 

42. ::I 
39. I O  
46.12 
45. .12 
<W. 46 
33.54 
38. 42 
49.15 

40.71 

38. I 2  46.50 
37.70 45.62 

43.33 47.39 
3s. I 3  ' 4ti. 96 

~ ~~ ~ . . ~  
1900-19(15 
1861-1878 
1811s-1904 
IS3;-1846 
I s79- IYOS 
1 SYY-1905 
1!103-1%J5 
1302-1 9lJ3 
1390-1 !lo5 
I89C-l91)4 
1 SYY-I 904 
1830-1859 
1 s59-19us 
1 YY 1-19115 
1828-1852 
1901 -1 905 
1903-19l)5 
1891-190n 
1S2S-IX6i 
1855-1904 
1960-1905 

31.43 ............ 
36.30 44.46 
39.3% 45.04 

............ 
35.94 
38.61 
33. ,50 
49.17 
46. 72 
43.59 
47. 65 

34.39 
38. Y(i 

. . . . . . . . . . . .  

34. os 
53 uti 
4'1.65 
44. !IO 
4!l. I18 
39. !I1 
35 .I2 
39.95 
37, 93 
$2. 4 3  
35.61 
47. 43 
33.54 
37.27 
44 77 

44.76 
47.51 
44.91 
45.22 
45.5' 

45.20 
44. 62 

............ 

............ 
45.94 
44.76 
44. R I  

............ 
40. 81) 
37.85 
46. 50 

............ 
4s. 42 
45. 6" 

............ 
36. 1s 
44.73 

FIG. 3.-Rainfnll values along a west-east liue from Binghamton, N. P.. 
to  Monson, Mass. Frct. d.-Eaiufall values along a west-east line iron~ Le Roy, Pa., til 

Hartford. Conn. 
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TABLE No. 3.-Shoioing that the rainfall ai? any station within 100 miles of the Ashookan reservoir will, for 7'1 per cent of the time., vary from its mean hy 
practically the same percentage ne that at tcn.y other statim also .within the same distance 

___. 

Stations. 

Albany ............................ 
Hudson ............................. ...... ........... 
New Tork ........................... 68 96 75 
Kingston ........................ R7 98 90 

Average ...................... 
~ _ _ _ _ ~ ~  

84 

95 

81 
103 

101 

loa 
104 
94 
92 
90 
97 
95 

. . . . . . . . . . .  

........... 

........... 

........... 
...... 

9s 90 
98 

95 

Albany .............................. .! 37.31 ~ i3o i 87 109 
Hudson .............................. 1 36.20 110 1 90 72 
Kingston ............................. 37.64 ..... '. ...... BY 
Xew York ............................ 4:5.71 76 83 1 iR 
Westpoint .......................... 4 3 . 7 ~  108 112 ~ 98 
Liberty ............................... 44.57 ........... 1 .  ..... 
Cvoperstown ......................... 34.92 

Average ....................... . I .  ......... 
_ _  

.... 39.00 
_ ._ .  46.60 

~ ~~ 

West Puint ............... ..... 13. iS 

Crotou. ........................ 
Bethleheoi ...................... 
Dover ............................... 47.72 
Amherst ............................. 43.95 
Waterbury ......................... 46. €4 
South Kortright. ..................... 39.3s 
Bingharu ton .............. 33.50 
Mohouk .......................... 47.43 
Peqnannock ...................... 47. 71 

.................. 37.50 

.............. 

102 112 117 ~ 23 125 93 85 
71 105 32 ,s ........... 100 
94 101 101 86 . . . . . . . . . . . . . . . . . .  

112 123 Y4 7:s 112 93 1lJIl 
85 811 113 48 125 YY 53 

............................. 97 99 
................................... 

1464 1865 181% 1867 l8SX 1869 1~~~~ 
1 

75 98 9 2  102 96 ! 93 
................................. 
.................................. 
1011 129 105 110 133 104 
85 93 90 103 85 109 

77 91 83 Kd $16 11s 
. . . . . . . . . . .  !I3 ........... 95 

........................... , ...... 

....................... 93 ~ y? 

................................... 
87 103 93 1 100 

~- 

120 106 I 106 
.................. 
...... 
........... ...... 

.................... 
x4 121 94 92 

I n  orcler to determine the run-off, then, it becomes necessary 
first to determine the evaporation, which is dependent in soiiie 
measure on each of the following conditions: 

a.-The rainfall. 
b.-The extent of the watershed 
c.-The estent of water surface on the watershed. 
d.-The barometric pressure. 
e.-The mean daily atmospheric teinperature. 
&-The mean annual atmospheric temperature. 
Q.- The wind velocity. 
jr.-The inclination of the watershed. 
i.-The geological character of the watershed. 
j.-The extent of forest area on the watershed. 
k.-The extent of cultivated land on the watershed. 
All these conditions, ancl possibly some others, operate to 

render the problem a clificult one, and as yet no succesRfu1 
attempt has been macle to devise a formula which will apply 
to illore than one or two certain watersheds. 

The following are the general laws of evaporation: 
1. All other things being equal, for a rainfall uniforiiily (lis- 

tributed thruout the year, the evaporation will increase pro- 
portionally with the rainfall. 

2. All other things being equal, a heavy winter and a light 

I l l  

. . . . . . . . . .  I ...... .... 

9n 117 p i  1 XI 
..................... 
97 ~ 110 I IUS 102 

..... ...... ...... I " . . . '  

99 1 106 1 96 101 

103 94 94 

104 $15 95 X8 
104 R 1  110 91 
99 83 96 i 3  

104 108 9s 93 
. . . . . . . . . .  104 96 
..................... 
...................... 
..................... 
100 9s 10s Y5 

- ~~ 

112 
107 

119 
1% 
124 

. . . . .  

. . . .  

$1 100 9i 101 92 86 S i  97 1 96 , 110 
..... 137 ................. . /  ................. 1 . ............ 
............................................. . I . .  . ...... i z ~  
108 IU4 91 102 98 , 100 110 90 1 99 112 
91) 121 93 10'2 119 I17 103 1% 114 

1OU 1U3 S3 114 . 90 103 101 ................. 
9Y 119 76 134 116 1 106 87 110 , 94 I18 

117 9.5 114 88 111 103 lo" 98 

..... I . . . . . . . . . . .  I ............................ 
54 1 95 111 YY 84 88 $ 1 1;; ! 110 $15 ! 1W ~ 97 1 77 , 106 

94 97 96 
82  r7 85 s:: 91; 

1111 79 1011 

!I1 92 96 1 92 1 111 1 92 83 93 

1% ~ 1896 1 19!17 1 1889 ~ 1839 1 1900 1 1901 I 1943 

511 ~ 75 11U 1 104 1 78 1 S2 ~ 102 ~ 101 
......................... I . . . . . . . . . . . . .  

- 

...... ..... 
..... ..... ..... 
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74 
S i  
i4 
i4 
Y1 
97 . 
s1 
91 
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I 
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slimmer rainfall will together shorn a sinall annual evaporation, 
and conversely. 

3. All other things being equal, the greater the watershed 
the greater will be the evaporation. 
4. All other things being equal, the greater tlie area of water 

surface on the watershed the greater will Le the evaporation. 
5. All other things being equal, the evaporation varies nearly 

inversely as the atmospheric pressure, or, it varies also nearly 
directly as the altitude of the watershed. 

6. All other things being equal, the rate of evaporation is 
nearly proportional to the difference of the temperatures indi- 
cated by the met-bulb ancl the dry-bulb thermometers. 

7. All other things being equd, tlie capacity of atmospheric 
air for moisture is approsiinately doubled for each 2O0 F. 
increase in atmospheric temperature; tlie evaporation will 
therefore be in some measure increased by an increase in 
temperature. 

8. All other things being equal, the evaporation varies nearly 
directly as the wind velocity. 

9. 911 other things being equal, the evaporation from a 
watershed will vary approximately inversely as the square root 
of the sine of the angle of its average inclination to the 
horizon. 
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10. All other things being equal, the evaporation from a 
watershed will vary nearly as the extent of the surface i t  
exposes. The extent of the surface it exposes is nearly pro- 
portional to its area divided by the cosine of the angle of its 
average inclination. 

11. All other things being equal, the evaporation will vary 
nearly inversely as the porosity of the materials with which 
the watershed is covered. 

12. All other things being equal, the evaporation will vary 
approximately with the extent of cultivated land on the water- 
shed. 

13. All other things being equal, the evaporation will vary 
approximately inversely with the extent of forest area on the 
watershed. 

Vermeule in his report of 1891 to the geological survey of 
New Jersey made an extended study of the subject, and 
deduced an espremion for the evaporation in which i t  was 
made to depend on the rainfall and on the mean annual 
atmospheric temperature of the watershed. This formula has 
been severely criticized by Rafter in his paper on " The rela- 
tion of rainfall to runoff ", U. S. Geological Survey Water 
Supply and Irrigation Paper No. 80, but the ground of the 
criticism, in view of the many causes which act to modify 
evaporation, appears to us to have no foundation. 

Vermeule's formula is as follows: 
E= yearly evaporation. 
R = yearly rainfall. 
T= mean annual temperature. 
F= (0.05 T- 1.48) =factor = 1.00 fur 4 9 . F  F. 
E =  F (15.50 + 0.16 R). 

In monthly form this formula becomes 
e = monthly evaporation. 
r = monthly raiufall. 
F =  factor as  heretofore. 

January, e = F (0.27 + 0 . 1 0 ~ ) .  
February, e = F (0.30 + 0.10 r ) .  
March, e = F (0.48 + 0.10 r ) .  
April, e =  F (0.87 + 0 . 1 0 ~ ) .  
May, e = F  (1.87+0.20r). 
*June, e = F (2.50 + 0.25 r ) .  
July, e = F  (3.UOf0.30r). 
August, e = F (2.62 + 0.25 r ) .  
September, e=  F (1.63 + 0.2059. 
October, e =  F (0.88+ 0 . 1 2 ~ ) .  
November, e= F (0.66 + 0.10~). 
December, e = F (0.42 + 0.10 r ) .  

- ~ _ _ ~  
E =  F (15.50 + 0.16 R). 

While we 110 not agree with Mr. Vermeule in the manner of 
the determination of the factor to be used for auy watershed, 
we do think that the shape of his formula, when put into the 
monthly form he proposes, could not easily be improved upou. 
The most striking feature of this formula is that i t  takes 
account of the effect on the evaporation of unequal distribu- 
tion of rainfall thruout the year. 

Mr. Vermeule in his formula made this factor dependent 
entirely on the mean annual temperature, on the assumption 
that, as the capacity of atmospheric air for moisture is ap- 
proximately doubled for each 20' F. increase in atmospheric 
temperature, therefore the evaporation would be doubled for 
each such increase in temperature. 

We do not believe that such is the case, and in support of 
this belief submit fig. 6, on which is plotted the percentage of 
rainfall evaporated for each of Rafter's three seasons as given 
in his paper heretofore referred to, for the Croton. Pequan- 
nock, and Sudbury watersheds. .The temperatures on which 
these percentages were plotted were obtained from the U. S. 
Weather Bureau publications. 

The remarkable parallelism of these lines indicates primarily 
the existence of a well-clefinecl law, and secondarily, that  the 
observations have been well macle. The law defined by this 
diagram is that for each degree increase in temperature the 

rainfall evaporated will be increased by very nearly 2 per cent. 
But it a t  once becomes apparent that the percentage increase 
in total evaporation will vary with the temperature, and we 
have plotted a curve as  fig. 6 to define this variation. 

FI~:. 5. -Percentage of rainfall evaporated at different temperatiires 
from the Croton, Pequannock, and Suclbuiy watersheds. 

FI(+. ti.-l'ariatiou of percautage iucLeitw oi evaporation with change of 
temperature. 

The mean aunual temperature on the Sudbury is 49' F. ani1 
on the coldest of the C'atskill watersheds, 44' F. I n  fig. f i  
the increase in total evaporation between these limits aver- 
ages 3.2 per cent, and this is the d u e  that we believe to be 
correct for these studies, rather than 5 per cent as proposed 
by Vermeule. 

Taking up now, in order, the general laws of evaporation, 
we see that laws 1 and 2 are fully provided for by the form of 
the expression we have adopted. Lam 3 does not seem suscep- 
tilde of adaptation to a numerical expression. Law 4 ix easily 
provided for outside the formula l>y increasing the evapora- 
tion by t,he difference clue to any increase in water surface. 

Law 5 can 1)e adapted tlirectly by assuming some watershed 
as a standard and stating that tlie evaporation from any 
other watershed mill be inversely as the atinospheric pressure 
upon it. 

Practically no data are a t  hand concerning law 6, but it is n 
well-liuown fact that the air on the higher altitudes averages 
drier than on low lands, and we have therefore assumed that 
the clifference in evnporation due to this cause (the dryness of 
the air) will be one-fourth that clue to the difference occasioned 
by clifference in Barometric pressure and in the same direction. 

Law 7 has already been fully cliscust and the results stated. 
On account of the absence of any knowledge of wind veloci- 

ties, we are unable to apply the fact stated in law 8. It would 
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Prquannock ............... 
Sudl,ury .................... 

seem, however, that any clifference due to this cause would be 
slight. 

Law 9 is here proposecl by us as being an approximation to 
the reasonable belief that steep watersheds will yield a greater 
proportion of the rainfall than will comparatively flat ones. 
This statement was put into the above form on account of the 
not unreasonable analogy between the flow of water in a chan- 
nel and the flow both over the ground and in the creeks of a 
watershed. The steeper the watershed the inore rapidly will 
the rain water run off, and therefore less time will be afforded 
the evaporation to rcduce the volume. 

In  order to apply this principle, it becomes necessary to 
define the words <' average inclination of the watershed ", and 
i t  seemed to us proper to assume that i f  the watershed were 
square its average inclination would be the difference in ver- 
tical height between its highest and lowest points divided by 
the diagonal of the square. Table 1 has been prelmrecl with 
a view to indicating the clifference in slope of the Croton, the 
Pequannock, the Sudbury, and the Esopus watersheds. The 
square root of the sine of each of their average inclin a t' ions 
has been determined. The average inclinations of tlie Croton 
and Sudbury are practically the same, and the inchatmion 
of the Esopus is twice as great as either. 

TABLE 4.-Menn slope of four uialershrda. 

+ 2 . 3  t O . 8  - 3 . 2  - 9 . 8  - 9.9 
-0.6 . -0. 1 0. 0 0.0 - 0.7 

~ _ _ _ ~  
vs. ' Fer!. 

 rotoil oil. ........ 
Sudbury 
Pequauoock.. .1:4 
Esopus ........ 

-______ _ _ _ _ _ _ _ _ ~ ~  
As indicating the general correctness of this result, we quote 

froin the report of the Commission on Additional Water 
Supply, page 334: 

'' The table shows that the Esopus yielded from the floocls 
after the great drought a proportion of the rainfall just twice 
as great as that  of the Croton ". 

While the method is therefore applicable to the heavy floods, 
it  is of course entirely inapplicable to moderate rainfalls. 
Nom one and one-half inches is a reaeonably heavy fall of rain, 
and in each year in these latitudes there occur on an average 
about eight such rains, which aggregate about eleven inches, 
or about 35 per cent of the total yearly rainfall. We feel, 
therefore, that  this principle is applicable to the extent of 35 
per cent of its full value for all cases. 

Law 10 is of little value, and has been stated only for the 
sake of completeness. 

Law 11 treats of the character of the soil. A wntershed 
covered with loose gravel and sand will usually show a greater 
yield than one with a clay cover. as the rainfall sinks into the 
more porous material, and is in this manner largely protected 
against evaporation until it again finds its way into the streams 
thru springs or uudergrouud channels. All of the Catskill 
watersheds, with the possible exception of the Catskill, are 
fairly well covered with a loose rock covering on the moun- 
tain slopes, while the lower reaches of the valleys are filled 
with deposits of gravel. The iutermediate lands are covered 
with an iceberg clay and do not afford much opportunity for 
water to penetrate into them. It does not appear to us that 
these watersheds are remarkable either for the presence or for 
the absence of opportunity for water to protect itself against 
evaporation by percolating into and thru the subsoil. In  auy 
event, it does not appear likely that this law could ever be 
numerically applied to a watershed. 

In  order to bring these laws down to actual figures, i t  is 
now necessary that we have the characteristics of the water- 
sheds before us, and for purposes of coinparison we have added 
also the same data for the Croton, Sudbury, and Pequannock 
watersheds. 

a+ ni. Feet. 
Esopus.. ........ 255 1700 
Schoharie ...... 228 M O O  
Rondout.. ...... 1600 
l'atskill ...... 1 % I 1500 
Pequauuock. ... 62 1100 
Croton 339 600 
Sudhury ....... 1 78 ~ 350 

........ 
I 

Inches. 
?a. 1 
27.8 
28.2 
28.3 
28.1 
?9.3 
29.6 

F. 
45 
44 
47 
46 
48 
49 
49 

.253 

.I60 
.211 
.I55 
.I74 
.I25 
. I26  

I 

JrichPa. 
U 
41 
48 

60 
47 
46 

as 

This indicates that  these watersheds will yield of the rain 
which falls upon them more than will the Croton, by the fol- 
lowing averages : 

E S O ~ U S . .  . . . .  33 per cent. 
Schoharie.. . .  15 per cent. 
Rondout.. . . .  18 per cent. 
Catskill.. .... 11 per cent. 
Pequannock . 10 per cent. 
Sudbury . . . . .  0.7 per cent. 

Now in the formula me have adopted the evaporation is es- 
p e s t  in terms of the rainfall, and its factor for the Croton iff 
100 per cent. The factors which the preceding discussion 
leads US to use for these watersheds are, then, the difference 
between 100 per cent and the greater percentage of yield of 
each as heretofore shown. . 

The factors derived and used are the following: 
Esopus..  .... 0.67 
Schoharie.. . .  0.85 
Rondout.. . . .  0.82 
Catskill.. . . . .  0.89 
Pequannock . 0.90 
8udbury.. . . .  0.593 
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Esopuri. ................................. 
Schoharie. .............................. 
Rondout.. .............................. 
('atskill. .............................. 
Pequannock ............................. 
Croton.. ................................. 
Sodbury. ............................... 

That these factors so deduced '' fit " the Pequannock, the 
Croton, and the Sudbury with reasonable accuracy is indicated 
by the following: 

~ . ~ _  

_ _ _ _ _ _ ~  
Inches. 

44 15.10 
41 18.75 
48 19.00 
38 19. PO 
50 21.15 
47 22. 02 
46 24.46 

Watershed. 

Inchei. 
22.03 

332.76 

24. s:! 

0. 993 

0.90 

1.00 
I , _ _ ~  

Table 5 is also submitted as showing in detail the agree- 
ment of the formula with the observed values of the run-OR 
on the Pequannock. 
TABLE 5.-Obneraed ani1 coinpitted run-ofla of tb Pequannock River by t7er- 

meule's formitla, with n temperature factor of 0.90. 

1893. ................. 

1897.. ....................... 
I8!l8. ....................... 
1899 ......................... 
1900.. ....... 
1901.. ....... 
1902 ....... 
1903. ...... 
1904.. ..... 
1905. ..................... 

Totals tn enol of 1903. 

_.___ ~~~ 

49. i 3  
?4.62 
36.67 19.97 , 

30. i s  ' 51.89 
S i .  97 29.37 
51.39 %. 98 
47.94 26.88 
42.00 21. so 
6-1.69 31.94 
60.44 35. 73 
64.19 , 34661 1 45.24 i.. .......... 
43.53 ........... 

.......... 

28.57 
24.24 
17.35 
30. OS 
33.98 
:a. 17 
261.93 
22.16 
40.47 
37.73 
41.11 w. 54 
23.21 

332. 76 

5 i  
64 S4 

51 59 
59 

~ 51; 
51 53 
49 fi3 

li? 
li3 

51 1 47 
XI i 5s 

............ 

............ 
58 j 58 

~ -~ ~ ~-~ ~~~~ ~ _ ~ _  ~ 

Now, applying our formula to each of these watersheds, we 
find that on an average we may espect: 

R u u - u t  

28.90 
22.25 
28.00 
18.80 
28.85 
23.51.9 
21.54 

Perceut 01' 
run-off. 

~~ 

fi5 
.54 
58 
49 
57 
51 
47 
_. 

Diagrams submitted with the report of Mr. J. Waldo Smith, 
Chief Engineer to the Aqueduct Commissioners, dated Jann- 
ary 30, 1905, indicate very clearly that the Croton, with a 
storage of 250,000,000 gallons per square mile, will not safely 
sustain a draft of more than 325,000,000 gallons per day. 

The watershed of the Croton River, above the New Croton 
Dam, is 360 square miles, and the safe yield per square mile 
is, therefore, 900,000 gallons per day. 

Now it is safe to assume that in estremely dry periods the 
run-off will be 50 per cent less than in an average period, and 
on this basis, all other condition8 being the same, the water- 
sheds being studied will yield the following percentages of 
the Croton normal yield: 

Esopus ....... 18 8 per cent less than Croton. 
Schoharie.. ... 25.6 per cent less than Croton. 
Rondout . . . . .  1.0 per cent greater than Croton. 
Catskill.. ..... 38.2 per cent less than Croton. 
Pequannock . . 3.2 per cent greater than ('roton. 
Sudbury ...... 4.2 per cent less than Croton. 

And we have seen that owing to the natural features of these 
watersheds they will yield, for the same rainfall as on the 
Croton, the following percentages: 

Esopus. ...... 32.7 per cent more than Croton. 
Schoharie.. . . .  14.9 per cent more than Croton. 
Rondout . . . . .  18.0 per cent more than Croton. 
Catskill.. ..... 10.8 per cent more than Croton. 
Pequannock . . 9.9 per cent more than Croton. 
Sudbury ...... 0.7 per cent more than Croton. 

Now, combining these, we ded11ce finally that these wates  
sheds may be expected to have a safe yield, compared to the 
Croton safe yield, as follows: 

Esopus . . . . . . .  19.9 per cent more than Cbrton. 
Schoharie . . . .  10.7 per cent less than Croton. 
Rondout.. . . . .  19.0 per cent more than Croton. 
C'atskill.. . . . . .  87.4 per cent less than Croton. 
Pequannock . 13.2 per cent more than Croton. 
Sudbury.. . .  4.9 per cent less than Croton. 

And, therefore, on a storage of 250,000,000 gallons per square 
mile of watershed may be expected to have a safe yield as fol- 
lows: 

Esopus . . . . .  1,080,000 gallons per day per square mile. 
Schoharie . . . .  804,000 gallons per day per square mile. 
Rondout.. . . . .  1,070,000 gallons per day per fquare mile. 

653,000 gallons per day per square mile. 
Pequannock 1,010,~IllO gallons per day per square mile. 
Sudbury. . . . . .  856.000 gallons per day per square mile. 

... 

I n  connection with this report certain depletion diagrams 
[not reproclucecl here] were prepared. 

The first diagram shows thedepletion of the proposed Asho- 
kan Reservoir when fed by the Esopus Creek, on the basis of 
the Albany rainfall records. It indicates that a draft of 
2-i0,000,000 gallons per day from the 255 square miles of tribu- 
tary watershed could not well be exceeded without drawing 
down the reservoir to a considerable extent and for long 
periods. The maximum depletion shown is 40,000,000,000 
gallons, or 160,000,000 gallons per scluare mile of watershed. 

I n  the preparation of this diagram, as well as of all others, 
the formula as heretofore clerirecl was employed, escept that 
a factor of 0.75 was used instead of those deduced. This was 
done for the reason that i t  is not, at present at least, proposed 
to use the Ashokan Reservoir fed by the Esopus alone,but by 
the Esopus and Schoharie in combination. 

The factor for the Schoharie is 0.S5, and that for the Esopus 
0.67. In  proportion to the area of these watersheds, the com- 
bined factor would be 

0.85x 228=193.80 
0.67 x 255=170.85 
-~ 
483 ) 364.65 ( =0.75 

Increase in evaporation due to reservoir water surface was 
provided for in the computations on which these depletion 
diagrams are bmecl by asaumiug that the water surface on the 
Schoharie would be 1000 acres and on the Esopus 10,000 acres, 
and the correspontling corrections were macle. 

The second cliagraiii shows the conditions which would obtain 
in the AshoBan Reservoir when collecting from the ESO~US and 
Schoharie watersheds under a draft of 410,000,000 gallons 
clail-y ancl on the basis of the Alhany rainfall records. This 
diagram indicates a inasiiuum depletion of 6~3,000,000,000 gal- 
lons, or a minimum neceasary storage of 130,000,000 gallons per 
scluare iiiile of watershed area. It nlso shows that the com- 
bined safe draft from these two watersheds should not exceed 
435,000,000 gallons per day, or 880,000 gallons per square mile 
per clay. 

I n  the preparation of all the diagrams for the Schoharie, i t  
has been assuinecl that the construction will be sufficient to 
divert all run-off up to and including that due to 7 inches of 
rain per month. For greater run-off than this but 80 per 
cent has been counted as becoming available. 

The third diagram shows the conditions which would exist 
in the Ashokan Reservoir when fed by the Esopus and Scho- 
harie under a draft of 410.000,OOO gallons daily, but on the 
basis of the Croton rainfall records. The maximum depletion 
indicded under these conditions is 48,000,000,000 gallons. 

The fourth and fifth diagrnins show the conditions which 
would exist in the Ashokan Reservoir when fed by the Esopus 
and the Schoharie when under a draft of ~10,000,000 gallons 
daily, ancl on the basis of the New York rainfall records. 
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'Bhe maximum depletion indicated under these conditions is 
60,000,000,000 gallons. 

Actual gagings of the four Catskill streams under consider- 
ation have been made by the United States Geological Survey 
more or less continually since 1901. The results of these 
gagings are set forth in the various water supply and irriga- 
tion papers published by the survey. Unfortunately, no 
rainfall observations were made contemporaneously with these 
gagings. A careful examination of practically all of the 
gagings made by the Geological Survey in New York, New 
Jersey, Pennsylvania, and New England since 1902 has caused 
us to use them as a general guide only. 

Our studies, therefore, lead us to the belief that the iiiost 
probable mean annual rainfalls on the Catskill watersheds are 
as follows: Esopus, 44 inches; Schoharie, 41 inches; Rondout, 
48 inches; Catskill, 38 inches. 

CONCLUSIONS. 

VARIATION OF PRECIPITATION IN THE ADIRONDACK 
REGION. 

By ALFRFJ) J. HhvR\ ,  Pirrfewm nf Meteorology. Ilateil A p i i l  17, 1907. 

RIr. R. E. Horton. C1. E., has worked out very clearly the 
relative distribution of precipitation in the Adirondack re-* mion 
for the five years, 1901-1305. The chart which accompanies 
Mr. Horton's article ' shows a region of maximum precipitation 
(5.5 inches and upward) on the southwestern slope of the 
Adirondacks, particularly on the foothills in Lewis, Oneida, 
and Herkimer counties. 

The writer was recently engaged on a study of the average 
annual precipitation over the watershed of Lake Ontario, 
which includes a portion of the area considered by Mr. Horton. 
The epoch used in this work was 1871-1906. altho the record a t  
a number of the observing stations covered a much longer time. 
It is possible, therefore, to compare t8he mean values for the 
lustrum 1901-1905 with those of the much longer epoch, lS71- 
1906. Accordingly there will he found in the tnble below a 
statement showing the average annual precipitation for a few 
stations in the Adirondack region and contiguous territory 
for both the long and the short periods. 

Co?nparaliiw averages of precipitation. 

Stat ions. 

Oswego ..................................... 51 
Lowrille..  .................................. 40 
I1t.ica.. ...................................... 
rooperst.own .............................. 
Keeue Valley .............................. 

brchrs. 
37.4 
3fi.3 
41. i 
39.9 
35.6 

Iii chcs. 
40.0 
44.3 
50.7 
45.3 
40. i 

Inchrs. 
+2.6 
+ K O  
+o. 0 
+5.4 
+5. 1 

It is clearly apparent from the above table that the lustrum 
1901-1905 was one of heavy precipitation in the L4dironda~ks; 
the greatest departure, about 22 per cent of the mean annual 
fall, occurred near the center of the region of maximum pre- 
cipitation hereinbefore mentioned. The writer has found else- 
where ' that  the extreme vayiation in the interior of this conti- 
nent for a 10-year period is as high as 20 per cent. The varia- 
tion for a 5-year period in this country has not been deter- 
mined; in Germany, however, Dr. G. HellmannS has found that 
the average maximum variation of a 5-year period for 14 stations 
in North Germany is 116 per cent, and for a 10-year period 
lo!) per cent. The iuaximum variation for a single station for a 
5-year period was 128 per cent, or 6 per cent greater than for 
the two stations in the Adironclack region, but the majority of 
the German stations showed a smaller variation. What little 
work has been done on this subject in the United States tends 
to show that the variation of the precipitation, especially in 
the interior, is greater than in England or Germany. 

~~ ~~ ~ ~~~ 

1 Monthly Weather Review, January, 1907, Vol. S S S V ,  pp. 8-11. 
2 Weether Bureau Bulletin D, p. 9. 
Die Niederschldge in den norddeutechen Stromgebieten. 

I n  conclusion it is proper to call attention to the fact that 
the chart of rainfall distribution compiled by Mr. Horton 
probably represents very closely the maximum amount of rain 
that may be expected for a 5-year period in the region under 
consideration. Readers of the REVIEW should be careful, how- 
ever, not to be misled by supposing that the chart purports to 
give the average or normal values for the Adirondack region, 
such as would result from a century of observations. 

THE TEMPERATURE IN THE FRONT AND IN THE REAR 

METERS, COMPARED WITH THE TEMPERATURE IN 
THE CENTRAL AREA. 

By HENRY HELM CLAYTON. Dated Blue Hill Ohservatory, Hycle Park, DIass., 

OF ANTICYCLONES, UP TO AN ALTITUDE OF ia  KILO- 

March 5, 1907. 

Within the two years between the summer of 1904 and that 
of 1906, a series of observations with bnllons-sondes were ob- 
tained a t  St. Louis, Mo., under the direction of Prof. A. Law- 
rence Rotch. by Mr. S. P. Fergusson and myself. These small 
balloons carried light instruments recording temperature and 
pressure, and occasionally reached heights of 17 kilometers or 
about 11 miles. These are the only data of this kind gathered 
in America up to the present time, and are of much interest 
and value in their bearing on the problems of the upper air. 
One of the problems of great interest is that of the distribu- 
tion of temperature in cyclones and anticyclones. I n  a dis- 
cussion of these observations published by me in the Beitrage 
zur Physik der freien Atmosphare, Band 11, Heft 3, 1906, tlie 
lowest temperatures (at  the earth's surface) in the anticyclones 
were found in the central ancl southeastern portions, but this 
distribution was so changed a t  the height of 8 kilometers that 
the lowest temperature was found in the northern quadrant of 
the anticyclone. The reverse of this statement is true in re- 
gard to the cycloue in which the highest temperature was 
found in the eastern (padrant  a t  the ground, but  in  the north- 
ern quadrant a t  the height of S kilometers. This matter is 
one of iniportrtnce in studying the mechanism of these meteors 
ancl I give in the accompanying Table 1 some of the results 
in the inclividual cases where anticyclones past centrally 
over the region surrounding St. Louis. I n  this table the 
temperature a t  any height on tlie clay in which the maximuin 
pressure occurred a t  St. Louis is taken as the standard for 
that  height and the departures from this of the temperatures 
a t  the same heights for the day preceding and the day following 
are given in so far as the observations permit. I n  each case 
the observations were obtained in the evening within an hour 
or two of 7 1). m. The track0 of the centers of maximum pres- 
sure are given on an accompanying chart, fig. 1. On this chart 
a circle of 300 miles radius (about 500 kilometers) is drawn 
around St. Louis, and it may be seen that all the given 
dates of masimuni pressure a t  St. Louis are found within this 
area, while the dates of the preceding and following days are 
found outside the circle. I n  every case, except that of July 
24 and 25, 1905, the general direction of motion was from 
northwest to southeast, so that observations on the day preced- 
ing mere in the southeastern half of the anticyclone and on the 
day following in the northwestern half. The amounts in the 
table showing how much the temperatures in the front and in 
the rear of the anticyclone differed from those in the central 
area are plotted graphically in the accompanying diagrarr, 
tig. 2, which shows that in general i t  is colder in front of the 
anticyclone than in the central area, up  to about 8 kilometers, 
above which altitude i t  Lecomes warmer. Of the two cases 
where the t,eniperature in the rear was compared with that in 
the central area, in one case, January 2G, 1905, i t  was wanner 
in the rear up to about 6 kilometers, and in the other case, 
May 10, 1906, it was warmer in the rear up to about 10 kilo- 
meters. Above these heights the rear was colder than the 
central area. The most instructive case is that of May 8 to 


